Clostridium perfringens was analysed in soils from a tropical highland catchment and corresponding headwater streams at baseflow condition in order to understand the contribution of soils to the microbiological quality of stream water and the feasibility of using these streams as surrogate for negative control (reference streams). The concentrations of C. perfringens depended on the sample matrix. C. perfringens concentrations were significantly higher in the catchment soil than in the stream water (P < 0.05, n ¼ 20). In addition, C. perfringens concentrations in the catchment soil remarkably predicted C. perfringens concentrations in the stream water (i.e., 82% of variations in C. perfringens concentrations in water were predicted by C. perfringens concentrations in soil; P < 0.05, n ¼ 20). This suggests that the catchment soils contributed C. perfringens to the stream water. Despite the observed contamination, the concentrations of C. perfringens (geometric mean of 32 cfu/100 cm 3 ) in the stream water was below the recommended safe level for tropical freshwater systems and extremely lower than that detected in anthropogenically influenced rivers. This concentration was defined as an acceptable level of disturbance, and a reference concentration that can serve as surrogate for negative control in the studied tropical environment.
INTRODUCTION
Water quality evaluation using Clostridium perfringens is Given the critical health impacts associated with stream water contaminated with soil (Baumgardner ), understanding the magnitude of this environmental problem is critical so that appropriate plans for precluding the bacterial contamination of stream water are put in place.
Therefore, this paper has: (1) determined the contribution of soil from the steep slope of Uluguru Mountain to the microbiological quality of stream water during the baseflow condition; (2) conveyed the way C. perfringens may support the understanding of the link between microbiological quality of the stream water and the catchment soil; and
(3) determined the feasibility of using these headwater streams as reference (i.e., negative control) in order to establish long-term water quality monitoring programmes and to assist management decisions. The hypothesis was that soil from the tropical steep slope highland is the dominant source of contamination in stream water resources at the baseflow condition and that C. perfringens is able to clearly demonstrate the existence of this influence and provide the information about the feasibility of using tropical highland streams as a reference. Given that catchment soil is slowly transported through soil erosion and that its impact on headwater streams is cumulative, evaluation of this kind of influence requires an appropriate bioparametric variable reflecting this situation. Consequently, the resistant nature 
MATERIALS AND METHODS

Study area and sampling strategy
The study was conducted on the northern slope of the Uluguru Mountain (coordinates 6.8 S, 37.6 E) in Tanzania with an anticipated area of approximately 137 km 2 at an altitude greater than 1,450 m above sea level. This area is characterised by mean annual rainfall ranging from 900 to 2,300 mm and air temperature ranging from 19 C to 25 C (Kimaro Water samples from the streams corresponding to the selected plots was aseptically obtained under baseflow condition using sterile 500 mL glass bottles. Each sample matrix from the selected sites was separately sampled five times (n ¼ 5) over the sampling period resulting in a total of 20 samples per sample matrix. Additionally, water samples from two independent river systems, one located in an agricultural environment (6.74 S, 37.77 E) and the other in an urban environment (6.8 S, 39.26 E) were sampled 25 times (n ¼ 25) during the baseflow condition in order to evaluate the suitability of highland streams to serve as a negative control during the evaluation of tropical river systems located in anthropogenically influenced environments. All the water samples were taken to the laboratory and stored at 4 C in the dark until analysis.
Sample processing
In the laboratory, soil samples were homogenised as 
RESULTS AND DISCUSSION
C. perfringens was frequently detected in the catchment soil (100%) and in the stream water (100%) (Figure 1 ). C. perfringens from soil had a geometric mean of 307 cfu/cm 3 (ranging from 160 to 690 cfu/cm 3 ) as compared to the geometric mean of 33 cfu/cm 3 (ranging from 10 to 140 cfu/cm 3 ) detected in water samples (Figure 1) suggesting that soil entrance into stream water through erosion resulted in 1 log reduction of C. perfringens. The low concentrations of C. perfringens detected in the stream water suggest that the catchment soil was the source of contamination in stream water rather than anthropogenic activities. This was supported by the fact that 82% of the variations of C. perfringens concentrations in the water were explained by C. perfringens concentrations from the catchment soil (Figure 2) . Supposedly, wildlife present in the studied environment deposits C. perfringens to the catchment soil through faecal droplets, which are subsequently brought to the stream water by soil erosion and/or landslide enhanced by the poor stability of the studied steep slope catchment (Westerberg & Christiansson ) . It should be noted that autochthonous C. perfringens are unlikely to occur in the investigated environment due to the fact that these bacteria require special growth conditions (Shimizu et al. ) , which are not offered by environmental matrices such as water and soil.
The C. perfringens concentration in stream water was below the recommended concentration for safe water in tropical environments (Fujioka & Shizumura ) . This concentration is associated with a negligible risk of gastroenteric illnesses (Kueh et al. ) , suggesting an acceptable level of disturbance in the studied streams. Because the stream water samples were collected in an area free from anthropogenic influences during baseflow condition (dry season), the quantified geometric mean of C. perfringens concentration is suggested to denote the baseline concentration for tropical stream waters. This outcome is consistent with previous studies (Fujioka & Shizumura ; Byamukama et al. ) , which reported that C. perfringens exists in the environment at low concentrations, but tends to increase to significant levels, when there is anthropogenic influence. Consequently, the value detected in this study is suggested as reference concentration for C. perfringens in tropical environments and the This study provides a useful basis for setting an acceptable contamination level that does not hamper critical services provided by tropical streams as there is no significant health risk associated with the low concentrations of C. perfringens detected in the investigated stream water.
Despite the fact that the reference level of C. perfringens reported here can be directly applied to tropical environments similar to that of this study, the existing gaps regarding the concentration of C. perfringens contributed by each wild animal species, their accumulation and removal rates, the pathways in which these bacteria get into stream water systems, and their ecology in stream water have to be filled in order to validate their applicability in this type of environment.
CONCLUSION
This paper showed that C. perfringens was consistently detected in the catchment soil and in the stream water matrices of the investigated tropical highland with the catchment soil having significantly higher C. perfringens concentrations than the stream water matrix. The catchment soil was found to be the main source of C. perfringens in the stream water. Despite this contamination, the geometric mean of stream water was below the permissible safety level recommended for tropical environments. When the concentrations of C. perfringens in the stream water were compared with those of anthropogenically influenced rivers, significant differences were observed. Consequently, the geometric mean of C. perfringens concentration detected in the tropical highland streams was recommended as reference level and the streams in which this concentration was determined were suggested as reference streams.
